Rhabdomyolysis is defined as a clinical syndrome caused by skeletal muscle injury and the ensuing deformation of muscle plasmalemma, which results in the leakage of muscle cell contents such as creatine phosphokinase, lactate dehydrogenase and myoglobin into plasma and out of cells \[[@B1]\]. Also, it may occur by narcotics addiction, alcoholism, infection, collagen diseases, strenuous exercise, trauma and long-term coma. Approximately 13 to 30% of patients with rhabdomyolysis may develop the complication such as acute renal failure \[[@B2],[@B3]\]. In particular, the complications such as electrolyte disorders, arrhythmia and shock may lead up to death.

This is to report a patient with rhabdomyolysis, which occurred by the traumatic injury of muscle cells concurrently with the compartment syndrome, and hyperkalemia caused by the injury of the iliac artery branch and the ensuing ischemia-reperfusion injury.

Case Report
===========

A 44-year-old male, who was 175 cm tall and weighed 70 kg, was admitted to the emergency room after being hit hard on his abdomen by a rope. At first, the patient complained of pain in the abdomen and both lower limbs. There was no noteworthy record in his case history, and the preoperative blood test did not show notable findings except HBsAg positive. Electrocardiography manifested sinus tachycardia and premature ventricular contraction, but there were no notable findings in the biochemical test, urinalysis and the chest radiography. On the physical exam, pulse was not palpated in both insteps. Since computed tomography manifested the injury of superior mesenteric artery and vein in addition to small bowel laceration and the rupture of the descending colon, an emergency operation was performed.

Preanesthetic administration was not performed. Immediately before the operation, blood pressure was 80/57 mmHg and heart rate was 110 beat/min. Peripheral oxygen saturation was 98%. Electrocardiography manifested sinus tachycardia, and consciousness was clear. Anesthesia was performed through the intravenous injection of 14 mg of etomidate, 50 mg of rocuronium and 0.05 µg/kg/min, and endotracheal intubation was performed after a brief manual ventilation. Until the operation was completed, 2 L/min of oxygen, 2 L/min of air and 4 to 5 vol% of desflurane were administered. The electrocardiogram, blood pressure, heart rate, peripheral oxygen saturation, capnogram, body temperature and urine volume were checked during the operation. In order to monitor intraoperative conditions and supply infusion solutions invasively, a catheter was inserted into the radial artery and a central venous catheter was inserted into the right internal jugular vein. And anesthetic intensity was monitored on the basis of the bispectral index. The arterial blood gas analysis, performed before the operation, showed pH of 7.33, PaCO~2~ of 36 mmHg, PaO~2~ of 133 mmHg, base excess of -5.7 mEq/L, 99% SaO~2~, potassium of 3.2 mEq/L and calcium of 1.02 mEq/L at FiO~2~ of 0.21.

Vital signs did not change remarkably until the latter half of the operation, but the arterial blood gas analysis, performed 2 hours after anesthesia, showed pH of 7.39, PaCO~2~ of 36 mmHg, PaO~2~ of 240 mmHg, base excess of -3.2 mEq/L, 100% SaO~2~, potassium of 4.4 mEq/L and calcium of 0.97 mEq/L at FiO~2~ of 0.5. And the analysis, performed 3 hours later, showed pH of 7.26, PaCO~2~ of 43 mmHg, PaO~2~ of 256 mmHg, base excess of -7.4 mEq/L, 100% SaO~2~, potassium of 5.8 mEq/L and calcium of 0.97 mEq/L at FiO~2~ of 0.5. Notwithstanding that 6 units of regular insulin, 60 mEq of sodium bicarbonate and 600 mg of calcium chloride were intravenously injected during the operation, potassium increased continuously. And after the iliac artery, which sustained an ischemic injury in the process of the operation, was anastomosed and was reinfused, the electrocardiogram showed tall T waves and the arterial blood gas analysis showed pH of 7.26, PaCO~2~ of 49 mmHg, PaO~2~ of 251 mmHg, base excess of -5.3 mEq/L, 100% SaO~2~, potassium of 6 mEq/L and calcium of 0.85 mEq/L at FiO~2~ of 0.5 ([Table 1](#T1){ref-type="table"}). Hereat, it was regarded as an electrolyte disorder of emergency and thus 5 units of regular insulin and 200 ml of dextrose were intravenously injected 100 mEq of sodium bicarbonate along with the use of 100 mEq of sodium bicarbonate and the injection of 300 mg of 3% calcium chloride. And 30 minutes later the arterial blood gas analysis was performed, which showed that pH of 7.30, PaCO~2~ of 40 mmHg, PaO~2~ of 257 mmHg, base excess of -6.3 mEq/L, 100% SaO~2~, potassium of 7.7 mEq/L and calcium of 0.84 mEq/L at FiO~2~ of 0.5. Resultantly, potassium increased more and tall T waves were continuously observed on electrocardiography. At this, 10 units of regular insulin and 30 ml of 20% dextrose were intravenously injected simultaneously with the injection of 20 mg of furosemide. Just then the bispectral index, which was between 30 and 40 during the operation, indicated 65, hence 3 mg of midaxolam was intravenously injected. On this, hypotension suddenly occurred and lasted a while. To bring up blood pressure, ephedrine was intravenously injected three times, 5, 10 and 20 mg each. But blood pressure did not rise, and thus 5 µg/kg/min of dopamine was instilled.

After that, the abdominal and inguinal operation was finished and the region was disinfected. After the drape was pulled back, the patient manifested the compartment syndrome and thus fasciotomy was performed urgently. Hypotension and arrhythmia continued even while fasciotomy was being performed, whereupon norepinephrine was instilled. Then blood pressure was recovered by 110 to 120 and 70 to 80 mmHg.

It took 11 hours in all to finish the operation, and aortic tansection, small bowel laceration, the segmental rupture of the descending colon, the transverse rupture of the rectus muscle were diagnosed during the operation, for which aortobifemoral bypass, small bowel resection, descending colon resection and rectus muscle repair were performed. In the operating room, 8,000 ml of plasma, 1,300 ml of hartman solution, 9,800 ml of physiological saline, 1,500 ml of crystalloid solution, 9 units of packed red blood cells and 5 units of fresh frozen plasma were administered to the patient. They totaled 24,480 ml, and blood loss and urine volume were estimated at 5,000 ml and 3,350 ml each. After the operation was completed, the patient was transferred to the intensive care unit with a tube in his airway, to whom mechanical ventilation was applied at FiO~2~ 0.8, PIP 20 cmH~2~O, respiratory rate of 20 breathe/min and PEEP 6 cmH~2~O.

Immediately after the patient was transferred to the intensive care unit, the potassium level increased by 8.8 mEq/L, and 30 minutes later ventricular tachycardia and fibrillation were observed on the electrocardiogram and systolic blood pressure dropped by 50 mmHg. After defibrillation was applied twice at 200 joule, sinus rhythm was recovered normally, whereat 1 g of calcium gluconate was administered and 10 units of regular insulin and 10 ml of 50% dextrose water were intravenously injected by mixture. And then kalimate enema was performed. The arterial blood gas analysis, performed after kalimate enema, showed pH of 7.30, PaCO~2~ of 38 mmHg, PaO~2~ of 404 mmHg, base excess of -8.4 mEq/L, 100% SaO~2~, potassium of 7.7 mEq/L and calcium of 0.98 mEq/L at FiO~2~ of 0.8. After that, urine became dark-brown and continuous renal replacement therapy was performed. During the operation the manifestation of rhabdomyolysis was observed and thus conservative treatment was performed, and after the operation, it was definitely diagnosed in view of the fact that the test blood showed blood urea nitrogen of 14.9 mg/dl, creatinine of 1.50 mg/dl, aspartate transaminase of 3,069 IU/L, alanine transaminase 0f 842 IU/L, lactate dehydrogenase of 14,202 IU/L, creatine phosphokinase of 354,000 IU/L and serum myoglobin of 18,869 ng/ml ([Table 2](#T2){ref-type="table"}).

Although infusion solutions were sufficiently supplied and dopamine and norepinephrine were used, blood pressure did not rise and also multiple organ failure took a turn for the worse in tandem with renal failure accompanied by oliguria. Eventually 5 days after the operation, the patient expired.

Discussion
==========

Rhabdomyolysis is a clinical syndrome that is caused when muscle cell contents leak into plasma due to skeletal muscle injury. External injuries, myopathy, strenuous exercise, extreme fervescence, epilepsy, narcotics addiction and toxic substances are causative of it. In this case myochrome or vasoconstrictive mediators, which come from muscle cells, may give birth to acute renal failure \[[@B4],[@B5]\].

Rhabdomyolysis is diagnosed in light of case history and clinical findings such as myalgia, myoma, dark-brown urine and otherwise. And it can be definitely diagnosed according to whether the creatine phosphokinase level increases 6 times or by 100 IU/L and over or whether aspartate transaminase and lactate dehydrogenase levels increase or whether mytochrome is detected from urine. Particularly, the creatine phosphokinase level is in proportion to the severity of muscular injury \[[@B6]\]. But muscle-related symptoms are not observed in all cases of rhabdomyolysis, and moreover it is difficult to observe such symptoms during general anesthesia. Dark-brown urine may be helpful to diagnose rhabdomyolysis, but has demerits that diagnostic sensitivity becomes low and enough time cannot be spent to remove blood myoglobin and of being unpredictable. For such reasons, dark-brown urine is not observed in all cases \[[@B7]\].

In the present case, the traumatic injury of muscle cells, ischemia-reperfusion injury caused by the injury of the iliac artery branch, and the compartment syndrome occurred in combination with each other, and as a result uncontrolled hyperkalemia came about. Trauma could be considered as a causative factor, but particular findings were not observed on the preoperative hemodynamic test and also dark-brown urine was not observed during the operation; resultingly, it was difficult to diagnose rhabdomyolysis early. The present case was suspected to be rhabdomyolysis during the operation, and thus conservative treatment was performed. However, the definite diagnosis could be made after the operation as only then did dark-brown urine come out and myoglobin and muscle enzymes such as aspartate transaminase, creatine phosphokinase and lactate dehydrogenase suddenly increase.

There has not been clear elucidation on the mechanism where rhabdomyolysis brings about acute renal failure, which is presumed to be related with tubular obstruction caused by myoglobin, vasoconstriction caused by myoglobin\'s inhibiting endothelial relaxing factors, free radical formation toxicity caused by the ferrous compound, i.e., the metabolite of myoglobin \[[@B8],[@B9]\].

The treatment of rhabdomyolysis is the prevention of acute renal failure. The inducers should be removed rapidly and the treatment should be focused on the prevention of complications. It is known that infusion solutions should be supplied sufficiently in addition to the use of mannitol and furosemide in order that urine volume can be maintained at 200 to 300 ml/hr, and that sodium bicarbonate should be intravenously injected for alkaline diuresis \[[@B10]\]. However, what should not be overlooked is that the oversupply of infusion solutions may cause pulmonary edema. In the case of persistent and irresponsive hyperkalemia or persistent metabolic acidosis or fluid overload, it is recommendable to perform hemodialysis \[[@B2],[@B11],[@B12]\].

The present case was suspected to be rhabdomyolysis on the authority of the traumatic injury of muscle cells, the compartment syndrome and clinical symptoms such as persistent metabolic acidosis, hyperkalemia, hypokalemia and otherwise. During the operation, sodium bicarbonate was used to treat metabolic acidosis and prevent acute renal failure, and urine volume was maintained at 300 ml/hr. The potassium-bearing infusion solutions were not used to treat hyperkalemia, and potassium, insulin and dextrose were injected to control hyperkalemia. After hyperkalemia was controlled to some degree, the iliac artery, which was injured in the process of the operation, was anastomosed. At the moment when the iliac artery was made to reperfuse, potassium, accumulated by ischemia, flew in by systemic circulation, which was thought to cause serious hyperkalemia and arrhythmia. There was a need to perform hemodialysis, but the operation came to the finish. Such being the case, hemodialysis was planned to be performed in the intensive care unit and conservative treatment was performed prior to it, which was causative of life-threatening arrhythmia and renal failure.

In conclusion, it is advisable for anesthesiologists who are faced with traumatic emergency operations frequently to look at the possibility of rhabdomyolysis though suspicious findings are not observed. In the event a case that is suspected to be rhabdomyolysis, the urinalysis and blood test should be performed with rapidity and it can be diagnosed early and treated aggressively. In case rhabdomyolysis is not diagnosed early and treated aggressively, it may function as a risk factor for acute renal failure and threaten the patient\'s life. Thus, anesthesiologists have need to get everything in readiness all the time.
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Perioperative Changes of Blood Chemistry Analysis
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Preop: at preoperative time, Postop 30 min: at postoperative 30 minutes. PaCO~2~: arterial carbon dioxide tension, PaO~2~: arterial oxygen tension.

###### 

Postoperative Changes of Blood Chemistry Analysis
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Preop: at preoperative time, POD: postoperative day, Hb: hemoglobin, Plt: platelet, AST: aspartate transaminase, ALT: alanine transaminase, BUN: blood urea nitrogen, Cr: creatinine, LDH: lactate dehydrogenase, CK: creatine phosphokinase.
